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FOUNDATIONS  FOR  TAT.L  BUILDINGS. 
INTRODUCTION. 

Foundation  construction  for  tall  buildings  in  both  Chicago 
and  New  York    has  undergone  rapid  changes  in  the  last  decade. 
These  changes  are  due  to  the  increased  loads  on  the  clay  upon 
which  the  structures  rested  before  the  method  of  deep  foundations 
to  bed-rock  came  into  use.     The  clay  stata  underlying  the 
prairie  soil  of  Chicago  changes  materially  even  in  short  dis- 
tances.    In  general,  however,  there  are    six  to  twelve  feet  of 
loam  and  quick-sand,  followed  by  a  layer  of  clay,  which  is 
hard  and  firm  in  some  places,    while  in  others  it  is  so  soft 
and  wet  that  it  may  readily  be  taken  out  with  a  snade.     In  the 
business  districts  of  Chicago  where  all  the  great  business 
blocks  are  located,  the  clay,     often  mixed  with  a  strata  of 
quick-sand^ reaches  down  from  forty  to  eighty  feet  to  a  lime- 
stone foundation.      If  t>^ere  are  any  hard-pan  layers  within 
the  reach  of  ordinary  piles,  there  seems  to  be  no  indications 
that  they  are  uniform,  or  at  all  to  be  relied  upon.      In  New 
York,  the  average  depth  to  bed-rock  is  about  thirty-five  feet. 
Throughout  the  island,  there  is  a  decided  variance  in  the 
depths  to  bed-rock.      In  the  New  York  Stock  Exchange  Building 
it  was  found  necessary  to  go  sixty  feet  below  the  curb  line, 
while  in  the  Siegel  and  Cooper  Building,  at  one  end,  bed-rock 
was  found  at  a  distance  of  only  twelve  feet  below  the  street 
grade.     The  general  character  of  the  material  from  the  surface 
to  bed-rock,  is;   (a)  the  surface  ground,  or  made  ground;  (b) 
Dlue  mud;     (c;    boulders  of  varying  sizes;     (d/  gravel;  and 
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ve)  a  twelve-foot  layer  of  hard-pan  of  non-uniform  oharacter. 
Since  hard-pan  or  hed-rock  is  found  at  a  small  6er)th,  the  Kew  York 
types  of  foundation  -  spread  foundations  on  b'^d-rock  and  caisson 
foundations  -  have  been  adopted  earlier  than  in  uhicago. 
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FOUNDATIONS  FOR  EARLY  BUILDINGS. 

The  design  of  the  foundations  for  important  structures  will 
be  found  to  differ  widely  in  various  cities  or  localities,  owing 
to  the  great  difference  in  the  character  of  the  under-lying  raa- 
terial.     In  Chicago,  up  to  the  present  time,  surface  foundations  - 
pile  and  spread  foundations  -  predominate  in  high  building  de- 
sign, although  most  of  the  rew  structures  are  carried  to  bed- 
rock;     while  in  New  York  pneumatic  foundations  to  bed-rock  or 
hard-pan  have  been  extensively  used  since  the  introduction  of  the 
skeleton  methods.      Until  quite  recently,  heavy  foundations  in 
Chicago  were  commonly  built  of  stone  and  concrete  resting  on  the 
clay,  although  this  method  has  not  given  general  satisfaction, 
■*"he  demand  for  all  the  space  in  the  basement  o^  great  buildings 
has  yearly  grown  more  urgent.      To  satisfy  this  demand,  various 
methods  of  construction  have  been  used,     file  foundations  and 
sometimes  timberwork  ha»e  been  combined  with  masonry  and  con- 
crete; but  the  results  obtained  have  generally  been  unsatis- 
factory    As  an  example,  the  Cook  uounty  Building , which  was 
built  on  piles  not  driven  to  hard-pan,  is  reported  to  have  set- 
tled over  a  foot,  and  very  unevenly.     The  drift  of  practice  was 
then  to  mal^e  the  foundations  thinner,  with  the  use  of  iron, 
spreading  out  on     top  of  the  clay  without  materially  breaking 
througii  the  strata. 

The  origin    of  foundations  reinforced  with  rails  was  due  to 
the  serious  settlement  and  failure  of  several  public  buildings 
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in  Chicago,  which  were  erected  on  pile  foundations  in  treacherous 
soil.      Mnny  of  the  high  structures  of  Uhicago,  in'^luding  the 
Rookery,  Auditorium,  Tacoma,  Manhattan,  Monadnock,  Owings,  and 
PhoeniA  buildings  are  so  founded;  and  these  foundations  very 
successfully  distributed  the  weight  of  the  structure.     The  Old 
Colony  Building  with  grillage  foundations  -  steel  and  concrete- 
had  a  settlement  of  four  and  one-half  inches  in  nine  months; 
but  the  settlement  was  unifoi-ra  and  not  dangerous  to  the  structuie. 
The  great  advantage  of  a  combination  of  beams  and  concrete  is 
the    securing  of  transverse  strength  in  the  foundations  without 
resorting  to  an  abnormal  thickness  of  concrete.      The  failure  of 
the  City  Hall  of  Chicago,  which  was  caused  by  settlement,  was  due 
to  the  fact  that  the  underlying  bed  of  concrete  was  too  thin; 
and,  owing  to  the  unequal  resistance  of  the  underlying  clay,  it 
was  made  to  act  as  a  beam  although  not  designed  as  such. 

The  construction  of  the  freight  tunnels  of  the  Illinois  Tun- 
nel Company,  which  lie  at  an  average  depth  of  '^orty-two  feet  be- 
low the  street  grade  and  which  are  built  under  practically  all 
the  down-town  business  streets  of  Chicago,  together  with  the 
rapidly  increasing  value  of  property,  have  resulted  in    most  of 
the  new  buildings  of  considerable  size  served  by  the  tunnel  being 
built  with  three  stories  below  the  street  grade,  the  floor  of 
the  lowest  story  being  at  the  level  of  the  tunnel. 


PILE  FOUNDATIONS. 


Pile  foundations  for  heavy  building  construotion  in  Chicago 
have  "been  used  in  but  a  few  structures.     By  far  the  larger  num- 
ber   of  important  structures  in  New  York  are  founded  either  on 
piles  or  on  caissons  to  bed-rock.      The  unequal  settlement  of 
spread  foundations  -  where  the  substrata  are  of  a  yielding  or 
quick-sand  nature  -  requires  the  use  of  piles  unless  the  impor- 
tance of  the  work  warrants  the  still  greater  expense  and  security 
of  pneumatic  foundations.     If  the  driving  of  the  piles  cannot  be 
accomplished  without  injury  to  adjacent  buildings  -  without  going 
into  the    question  of  the  permanency  of  the  piles  tueraselves  - 
the  use  of  piling  in  preference  to  grillage  o*  caisson  foundations 
may  be  questionable.     Their  use  will  often  avoid  danger  through 
possible  excavations  in  adjoining  lots;  and  greater  loads  may 
generally  be  carried  over  a  given  area.     Great  care,  however, 
is  necessary  to  see  that  the  piles  are  not  badly  injured  in  driv- 
ing and  that  the  upper  portions  are  never  exposed  to  alternate 
wet  and  dry  conditions. 

If  foundations  are  to  be  constructed  in  or  upon  compressible 
soil,  teats  of  the  bearing  capacity  of  the  material  are  desirable 
if  any  doubt  exists  as  to  safe    unit-loads.     Tests  to  determine 
the  bearing  power  of  the  soil  at  the  site  of  the  Chicago  Masonic 
Temple  were  made  by  supporting  an  iron  tank  on  a  plate  having  an 
area  of  two  square  feet.      In  one  test  the  plate  rested  directly 
on  hard-pan,  and  in  the  second  test  it  was  placed  at  the  bottom 
of  a  hole  two  feet  four  inches  deep  in  the  hard-pan.    The  tank 
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was  filled  with  water,  and  the  settlements  were  noted  under  the 
varying  loads.      The  tine  of  obs«^rvations  in  the  two  tests  ©*.- 
tended  over  four  and  six  days,  respectively.      These  tests  con- 
clusively proved  that  it  is  safer  never  to  descend  below  the  top 
of  the  hard-pan  in  such  clay  foundation  material  as  ©jiists  in 
Chicago. 

The  Chicago  Library  foundations  are  among  the  most  carefully 
executed  pile  foundations  in  Chicago.      Under  the  walls  of  this 
building,  three  rows  of  piles  were  driven,  and  the  tests  were  mad© 
on  a  platform  resting  on  the  outside  rows  of  piles.     Pig-iron  was 
placed  on  the  platform,  supported  by  four  piles,  and  the  weight 
was  gradually  increased  until  at  the  end  of  eleven  days  the  mass 
was  thirty-eight  feet  hign  and  weighed  ^0«t,800  pounds,  which 
gave  a  weight  of  about  fifty  tons  per  pile.     Levels  were  taken 
at  intervals  of  two  weeks,  and  as  no  settlement  was  observed, 
thirty  tons  per  pile  was  considered  a  safe  load.      Tests  wer© 
also  made  of  drawing  the  piles,  and  an  ordinary  pile,  driven  in 
clay  to  a  depth  of  forty-five  feet,  gave  4f>,000  pounds  resistance. 

The  number  of  test-borings  required  for  any  particular  site 
will  depend  largely  upon  the  nature  of  the  subsoil  and  upon  the 
character  of  the  proposed  foundations.     For  the  new  Post  Office 
and  Government  Building  in  Chicago,  only  four  borings  were  mad©; 
one  at  each  corner  of  the  lot,  and  as  the  materials  encountered 
were  essentially  the  same,  the  results  of  these  borings  wer©  fur- 
nished to  the  contractors  bidding  on  the  foundation  contract, 
"as  general  and  not  specific  information,  the  contractors  assuming 
all  chances  as  to  formation  of  the  soil***     (See  Plate  1>. 
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The  new  Chicago  Poat  Office  and  Government  Building  is  a 
heavy  masonry  structuie,  supported  on  pile  'foundations.     The  old 
Post  Office  was  built  on  concrete  foundations  and  the  contino'is 
settling  into  the  clay  stratum  upon  which  it  rested  caused  con- 
siderable damage  to  the  building, and  in  lb9u  led  to  its  being 
torn  down.      The  building  is  located  on  four  streets,  covering 
the  entire  block;  bounded  by  Ulark  Street,  Dearborn  Street,  Adams 
Street,  and  Jackson  Boulevard.      After  careful  investigation,  by 
means  of  borings,  Willieim  Sooysmith,  engineer  in  charge  of  the 
foundations,  decided  on  the  use  of  pile  foundations  driven  to  the 
clay  stratum,  the  wet  clay  protecting  the  piles  from  rot  or  decay. 

The  removal  of  a  building  in  New  York  uity, which  had  been  built  on 

years 

piles  driven  some  ten  or  twel ve* previously ,  and  the  seriously  de- 
cayed condition  of  the  piles  has  been  cited  by  Mr.  Sooysmith  as 
showing  the  danger  attending  the  use  of  piles  when  not  driven  be- 
low the  water  line.      The  piles  for  the  Chicago  Post  Office  were 
arranged  in  rows  for  the  outer  walls  and  in  clusters  of  various 
sizes  for  the  independent  foundations.      The  latter  were  distrio- 
ited  over  the  site. with  spacings  of  three  to  three    and  one -half 
feet,  center  to  center  of  piles.      About  five  thousand  piles  of 

Norway  pine  were  required,  each  pile  being  about  fifty  feet  long. 

a 

The  piles  had  square  ends  and  were  driven  tO/yfirm  resistance.  The 
bottoms  of  the  piles  were  about  seventy-six  feet  below  the  street 
grade;  and  were  driven  from  the  bottom  of  a  trench  twenty-eight 
feet  deep.      Upon  the  pil^s  were  placed  white  oak  caps  14  inches 
square  and  upon  these^a  close  flooring  of  white  oak  timbers  12 
inches  square.    A  bed  of  concrete  three  feet  thick  was  laid  on 
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this  platform  flnd  upon  this  the  masonry  piers  were  built  up  to  th« 
required  grade, which  was  9  feet  w  inches  "below  the  sidewalk  level. 
The  basement  floor  is  9  feet  below  the  sidewalk,  and  a  masonry 
curb-wall  was  built  around  the  site  on  the  lino  of  the  street 
grade.      The  stone  used  for  the  piers  and  curb  walls  is  Joliet 
limestone,  laid  in  12-inch  courses.      The  Vulcan-Nasmyth  Steam 
pile-driver,  whose  total  weight  resting  on  the  pile,  including 
weight  of  cylinder,  was  9,200  pounds,  was  used  on  the  work.  The 
piles,  which  were  situated  twelve  feet  from  the  place  o^  driving, 
were  raised  from  one-quarter  to  one-half  inch,  and  the  displace- 
ment of  some  of  the  clay  ground  near  the  pile  trench  was  four  and 
one-half  inches.     The  average  number  of  blows  necessary  for  the 
penetration  of  a  pile  forty-six  feet  long  was  sIa  hundred  and 
ninety. 

The  total  quantities  of  niaterials  handled  and  entering  into 
the  construction  of  the  foundations . and  the  unit  prices  were; 

Quantities,  Unit  Price. 

Excavation-Basement,  22,167  Cubic  Yards.  $0,33 

*        -Trenches,  54,294    **  0.54 

Piles  ^50  feet  long],  5,087  Piles.  11.70 

Timber  capping,  796,3:.2  B,  M.  27.80 

Concrete,  5,122  Cubic  Yards.  5.40 

Dimension  stone,  284, 1't*    "        geet.  0.24 

Rubble  stone,  31,327    »»  •  0.16 

The  total  contract  price  was  $209, 821.49.     Caisson  founda- 
tions would  have  exceeded  this   amount     by  about  $iOO,000,  while 
the  steel  and  concrete  type  of  foundation  would  have  exceeded  it 
by  about  $2^^,000. 
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The  pile  foundations  for  the  Park  Row  Building  in  New  York 
support  the  weight  of  the  building,  which  is  estimated  at  o2,000 
tons.      The  area  covered  by  the  building  is  lo,000  square  feet, 
and  about  3,900  foundation  piles  were  used,  thus  giving  about  16 
tons  per  pile.      The  piles  were  driven  in  rows  2*  inches  aDart  andTB 
inches,  center  to  center.      The  construction  above  the  piles  is 
very  similar  to  that  described  above  for  the  uhicago  Post  Office, 
with  the  e^-ception  that  steel  grillage-beams  were  used.  These 
foundations  were  built  with  considerable  difficulty,  as  the  walls 
and  foundations  of  the  adjoining  buildings  were  not  suitable  to 
resist  the  vibrations  caused  by  pile  driving.      Underpinning  by 
means  of  needle -beams  and  pipe  supports  was,  therefox-e,  rendered 
necessary,  while  ^he  adjacent  foundations  were  removed  and  replaced 
by  new  brick  walls  and  footings,  carried  down  below  the  level  of 
the  new  eACavations. 

Piles  have  also  been  used  in  combination  with  ordinary  gril- 
lage foundations,  as  in  the  case  o*^  the  Fisher  Building,  ohicago, 
which  was  built  in  1896.      In  this  structure,  the  piles  were  dis- 
regarded as  to  their  direct  bearing  capacity,  and  the  footings 
were  designed  as  simple  spread  foundations. 

The  construction  of  foundations  with  concrete  piles  does  not 
differ  materially  from  the  familiar  construction  of  timber  pile 
foundations.     The  piles  are  driven  in  rows  or  in  clusters  and  are 
capped  with  a  platform  or  grillage  of  concrete,  or  concrete  steel, 
on  which  the  masonry  or  steel  superstructure  is  built  in  the  usual 
manner.      In  construction,  concrete-steel  piles  are  not  essentially 
different  from  columns  of  the  same  material.      They  may  be  employed 
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foi   the  same  purnoses  and^in  mucn  the  same  manner  as  timber  piles. 
Comnarod  with  timber  piles,  they  have  several  advantages  and  also 
several  disadvantages.     Their  Tiost  imnortant  advantage,  perhaps, 
is  that  they  are  equally  durable  in  dry  and  wet  soil,  while  piles 
of  timber  must  be  constantly  submerged  to  remain  preserved.  Their 
most  serious  disadvantages  are  that  they  are  more  expensive  in 
first  cost  and  more  troublesome  to  drive  than  timber  piles.  How- 
ever, their  use  will  often  effect  a  saving  in  the  total  cost  of 
the  foundation;  since,  not  having  to  cut  the  piles  off  below 
ground  water-level,  the  deDth  of  the  excavation  and  volume  of 
masonry  may  be  reduced.     Concrete-steel  foundations  were  employed 
for  a  ten- story  addition  to  the  Hallenbeck  Building,  New  York. 
The  piles  were  calculated  to  sustain  oO,000  pounds  each,  this 
weight  consisting  of  36,000  pounds  per  square  foot  allowed  by  the 
New  York  Building  Laws  for  concrete  piers, and  an  additional  load 
of  4  ,000  pounds  borne  by  the  four  reinforcing    rods.     The  pile 
is  square  in  cross-section,  12  inches  x  12  inches,  with  a  pyramidal 
point  and  flat  top,  and  is  made  of  1-2-4  Portland  cement  concrete. 
The  reinforcement  consists  of  four  1-7/8-inch  rods  at  the  corners 
and  extending  down  to  the  pyramidal  point.     Throughout  the  shaft 
of  the  pile  the  reinforcing  rods  are  bound  together  at  intervals 
by  'vire  ties.     The  United  States  Express  Company,  New  York,  used  the 
concrete  pile  foundation.      The  Raymond  concrete  type  of  piles  was 
used,  the  piles  varying  from  twenty-two  to  twenty-nine  feet  in 
length,  with  an  average  load  on  each  of  thirty-eight  tons.  The 
settlement  of  the  piles  was  lb/32  inch  in  one  week. 

The  piles  for  the  Illinois  Central  Railroad  Passenger  Station 
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and    Ofice  Building  were  specified  to  have  a  uniform  taper,  with 
no  crooks,  "bends,  knots,  windshakes,  etc.,  end  before  driving  care 
was  taken  to  reject  those  having  too  much  taper  and  those  having 
"bends  in  both  directions.      These  specifications  are  general  for 
all  pile  foundation  work. 

The  building  laws  of  New  York  specify  that  no  pile  shall  be 
loaded  in  excess  of  twenty  tons*      The  spacing  shall  not  be  less 
than  20  inches    nor  more  than  36  inches  on  centers;  while  the  size 
must  not  be  less  than  o  inches  for  the  end  and  10  inches  ^or  the 
butt  for  piles  20  feet  or  less  in  length.      The  tops  of  all  piles 
must  be  cut  off  below  the  lowest  water-line.     Th'=^  Chicago  Building 
Law  requires  that  piles  be  driven  to  rock  or  hard-Tjan  bearing,  the 
safe  load  to  be  according  to  the  formulae  for  pile  driving  ^Traut- 
wine*s),  but  not  exceeding  25  tons  per  pile.     A  capping  of  oak 
grillage  is  specified,  the  extreme  fiber  stress  not  to  exceed 
1,200  pounds  per  square  inch,  the  top  of  such  oak  grillage  to  be  at 
least  one  foot  below  city  datum  or  one  foot  below  the  bottom  of 
any  adjacent  sewer  which  may  be  below  city  dat\im. 


14. 

SPREAD  FOUNDATIONS. 

It  is  not  considered  safe  in  Chicago  to  excavate  very  deeply 
into  the  hardened  surface  of  the  clay.     In  general,  when  a  two- 
foot  depth  is  taken  for  the  construction  of  the  fiist  floor,  there 
is  left  only  eleven  feet  to  the  bottom  o the  foundation*  The 
result  is  t^at  the  basement  is  practically  filled  with  stone  pyra- 
mids, and  there  is  little  room  for  thr^  boilers,  engines, and  dyna- 
mos « 

Spread  foundations  have  been  used  more  extensively  in  Chicago 
than  in  New  York.     This  is  because  of  the  low  depth  of  the  bed-rock 
in  New  York  where  caisson  foundations  are  more  frequently  used. 

In  commencing  the  erection  of  a  building,  it  is  customary  to 
spread  the  bottom  courses  of  masonry  considerably  beyond  the  face 
of  the  superincumbent  work.  These  sDread  courses  serve  two  impor- 
tant purposes: -first,   they  distribute  the  weight  of  the  structure 
over  a  larger  area  of  bearing  surface  and  greatly  diminish  the 
liability  to  vertical  settlement,  due  to  the  compression  of  the 
ground;  and  second,  in  f^.e  case  of^  isolated  structures  standing  on 
a  comparatively  small  base,  they  form  a  great  protection  against 
the  danger  of  the  work  being  thrown  out  of  the  upright  by  the 
action  of  the  wind*      Too  much  care  cannot  be  bestowed  upon  the 
footing  courses,  as  upon  them  depend  mucn  of  the  stability  of  the 
wor> . 

The  rapid  development  of  foundation  design  is  well  shown  by 
the  great  change  in  the  meth-^ds  employed  at  the  site  of  the 
Woman's  Temple,  <^hicago»     Eactensive  masonry  foundations  had  been 
built  a  few  years  before  for  a  ctructute  that  was  never  erected 


and  upon  the  preDaration  of  plans  fox-  the  Temple,  the  firot  thing 
done  was  to  remove  these  massive  masonry  piors.      The  old  system 
consisted  of  stone  piers  made  of  successive  layers  of  large  stones, 
stepping  out  until  a  sufficient  base  v/as  obtained.     One  of  the 
newer  '*raft*  footings  is  shown  in  Pig.  1,  Plate  III,  and  also  one 
of  the  old  masonry  type  in  Pig.  2  or  the  same  plate.       There  are 
many  objections  to  these  old  nassive  masonry  piers.      These  piers 
were  bulky,  occupying  too  much  space;  they  were  heavy  and  costly 
as  regarded  the  time  necessary  for  building;   and  the  allowable 
offsets  o^  the  masonry  work  seriously  limited  the  load-beari^^g 
surface  of  the  clay. 

The  use  of  the  combined  steel  and  concrete  beds  affords  a 
sufficient  spread  of  base  which  can  safely  suTDport  a  building 
of  moderate  height,  and  at  the  same  time  it  does  not  take  up  the 
basement  floor  space,  as  does  the  masonry  footings.      The  econo- 
mizing  of  cellar  space  is  well  illustrated  in  Pig.  1  and  Pig.  2 
of  plate  III.     Both  figures  have  the  same  mass  in  the  concrete 
footing,  and  therefore  have  the  same  ultimate  bearing  area.  In 
this  case  the  weight  of  the  masonry  base  is  21^,000  pounds,  and 
the  weight  of  the  steel  base  is  103,000  pounds.     The  cost  of  con- 
structing a  stone  foundation  is  a  little  less  than  a  steel  one, 
but  the  increase  of  rental  sriace  more  than  compensates  for  this. 

In  Chicago,   the  Monadnock  Building  has  masonry  foundations, 
with  an  average  pressure  of  3,7vv0  pounds  per  square  -foot,  neglect- 
ing friction.     Six  inches  of  settlement  was  provided  for,  and  at 
the  present  time  there  is  only  a  uniform  settlement  of  five  inches. 
This  settlement  has  been  so  uniform  that  no  cracks  are  noticeable 
in  the  building.     This  same  type  of  foundation  was  used  for  the 
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MontauV  BIook,  Chicago,  which  was  designed  in  1878  "by  Burnham  and 
Root*      The  ordinary  stone  pier-construction  was  used  for  a  part 
of  the  building;  hut  in  order  to  make  room  fOi  the  boilers,  a 
grillage  of  steel  rails  embedded  in  concrete  was  devised , which 
formed  a  shallow  spread  foundation. 

The  floors  of  the  Royal  Insurance  Building,  Jackson  Street, 
Chicago,  are  carried  on  columns  with  bases  resting  on  tne  cap- 
stones of  massive  pyramidal  stone  piers,  built  up  to  nearly  their 
full  length  above  the  cellar  flooi*      These  were  given  such  dimen- 
sions as  sufficed  to  spread  the  base  to  correspond  with  the  bear- 
ing value  of  the  soft  Chicago  soil.      Very  large  piers  were  thus 
required,  and  they  occupied  so  mucu  of  the  floor  space  and  so  in- 
terfered with  the  arrangement  of  the  rooms  and  illumination  that 
the  cellar  was  of  little  value  except  as  a  storage  room.  Space, 
however,  was  valuable,  and  it  was  decided  to  reTnodel  a  portion 
of  the  basement  and  adapt  it  for  rental.     Therefore,  a  new  lower 
section  of  steel  riveted  columns  was  designed  to  replace  one  of 
the  old  piers,  and  this  was  sur)ported  below  the  floor  level  on 
a  shallow  extended  bas^^  of  steel  grill  age -beams  jWhich  extended 
to  the  basement  floor    and  carried  the  old  cast-iron  columns. 
This  change  from  masonry  footings  to  steel  grillage  was  accomplish 
©d  easily  and  cheaply. 

A  typical  form  of  steel  and  concrete  spread  foundation  is 
that  used  in  the  Pair  Building,  ohicago.     Por  this  case,  ti»e 
column  load  was  i,lbO,000  pounds.      The  allowable  pressure  per 
square  foot  on  the  clay  was  tal^en  at  3,000  pounds,  which  required 
a  footing  22  feet  8  inches  by  17  feet  3  inches.     The  actual  dimen- 
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sions  used  for  this  (^olumn  are  shown  in  Plate  IV. 

In  New  York,  where  there  is  a  oonsiderahle  variation  in  the 
character  of  tne  material  and  where  the  sub-stratum  is  yielding 
or  is  composed  of  quick-sand,  the  method  of  spread  foundations 
must  be  used  with  great  caution.     A  portion  of  the  Metropolitan 
Life  Building,  New  York,  has  spread  foundations  on  bed-rock.  The 
bottom  courses  of  the  Great  Northern  Hotel,  Chicago,  are  of  con- 
crete, 12  inches  thick,  extending  6  inches  beyond  the  lower  course 
of  rails*      The  weights  of  the  concrete  courses  are  not  included 
in  the  following  table ^which  gives  the  loads  on  columns,  areas 
of  footings,  and  the  calculated  weights  per  square  foot  of  the 
rails  and  the  concrete  in  the  footings. 


Load  on  uolumns. 
in  Pounds. 

Area  of  Footing 
in  Square  Feet. 

Weigiit  per  Square  Foot 
in  Pounds. 

Rails. 

concrete. 

415), 470 

12 

X  11  3/4 

3 

141 

49 

80 

453, 4tO 

10 

X  14  1/2 

a 

x45 

5o 

60 

435,820 

9 

X  16  1/2 

s 

146 

77 

83 

4bl,100 

12 

X  13 

s 

156 

42 

80 

491,140 

10 

X  16  1/2 

168 

79 

91 

526,850 

12 

3/4  X  14 

s 

x7o 

66 

82 

531,470 

13 

X  14  1/4 

185 

60 

78 

571,360 

13  1/2 

X  14  1/4 

192 

67 

74 

606,000 

15 

X  15 

s 

22u 

6b 

106 

672,000 

13 

X  17  1/2 

3 

228 

67 

93 

The  building  laws  of  New  York,  in  regard  to  tne  footings  of 
spread  foundations,  are;  footings  shall  be  so  designed  that  the 
load  shall  be  as  nearly  uniform  as  possible  and  not  in  excess  of 
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Detail  of  Bd^am  c7nd Rail  root/rf^  in  Ya/r^Build/ng. 


the  safe  bearing  capacity  of  the  soil.      The  Chicago  ordinance 
makes  no  specific  requii ements  as    to  the  foundation  loads,  but 
states  that  foundation  footings  shall  be  proportional  to  the  ac 
tual  average  loads  which  they  must  carry  in  the  completed  and  o 
cupied  building^and  not  to  theoretical  or  occasional  loads. 
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PLOATinG  FOUNDATIONS. 

The  object  of  the  "floating  foundation'  is  to  carry  the  shal- 
low spread  foundations  on  tn©  thin,  hard  stratiim  covering  the 
deep  bed  of  soft  clay  which  underlies  the  wity  of  Chicago*  Tie 
load  Der  square  foot  is  keDt  at  a  safe  limit,  and  all  disturbances 
and  penetration  of  the  clay  are  avoided.  The  floating  foundation 
consists  in  building  a  concrete-steel  grillage,  wnich  fox-  tall 
buildings,  usually  covers  the  entire  ground  surface  of  the  building. 

In  proportioning  the  areas  for  adjacent  grillage  footings, 
they  are  often  found  to  overlap,  and  in  such  cases,  two,  thie©, 
or  even  four  areas  may  be  combined  into  one  footing*     When  this 
is  done,  the  center  of  gravity  of  the  footing  area  must  coincide 
with  the  center  of  pressu'^e  of  the  loads  carried.     Combined  foot- 
ings are  also  useful  where  access  may  not  be  had  to  the  basement 
of  an  adjoining  building,  thus  precluding  the  construction  of  new 
party-wall  foundations  by  shoring  or  underpinning.     Recourse  may 
then  be  had  to  cantilever  construction,  in  which  combined  footings 
are  used  with  cantilever  girders  to  transmit  the  wall  loads  from 
the  lot  line,  and  combining  with    the  other  column  loads,  bringing 
the  resultant  center  of  pressure  over    the  center  of  the  base. 
This  type  of  cantilever  and  combined  footing  was  employed  in  the 
Old  Colony  Building,  Chicago,  and  has  proven  satisfactory.  The 
first  cantilever  footings  introduced  were  those  of  the  Manhattan, 
and  Rand,  McNally  Buildings  in  Chicago*      The  boilers,  etc.,  in 
the  basements  of  the  adjoining  buildings .could  not  be  disturbed 
to  allow  the  introduction  of  new  party  footings,  so  the  canti- 
lever types  were  adopted  for  the  new  structures,  and  the 
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foundations  of  the  old  adjacent  ones  wore  not  disturbed. 

The  Chicago  Auditorium  Building  has  a  total  area  of  about 
63,000  square    feet.      The  weight  of  the  structure  on  the  foun- 
dation bed  is  15,000  tons,  or  about  4,3S0  pounds  per  square  foot. 
An  excavation  was  made  to  the  clay  layer,  and  on  this  bed  was 
constructed  a  timber  grillage,  two  feet  thick*      On  the  timber 
grillage  was  placed  solid  concrete,  five  feet  thick;  and  to  pre- 
vent unequal  settloment  and  distribute  the  weight  uniformly, 
three  layers  of  rails,  one  layer  of  In-inch  I-beams,  and  one  layer 
of  12-inch  I-beams  were  imbedded  in  the  concrete.     Many  of  the 
buildings  have  foundations  of  this  character.      Where  timber  is 
used,  great  care  should  be  taken  to  place  it  well  below  the  sur- 
face of  constant  moisture* 

The  continous  grillage  method  consists  of  covering  the  en- 
tire lot  area  with  a  platform  of  steel  beams  and  concrete,  upon 
which  the  individual  footings  of  the  columns  rest.     This  method 
has  been  employed  in    several  cases  of  high  building  construction, 
the  idea  being  to    increase  the  area  over  whicn  the  structure  is 
supported,  thus  reducing  tne  unit  pressure  on  the  soil.  This 
method  also  provides  a  rigid  layer, or  distributing  area  , which 
takes  up  the  strains  due  to  any  tendency  towards  unequal  settlement, 
thus  insuring  a  uniform  settlement  of  the  whole,  rather  than  in- 
dividual settlements  of  the  separate  concentrated  loads.  In 
the  St.  Paul  Building,  New  York,  tne  use  of  a  uniform  layer  of 
concrete  over  the  entire  lot  area  was  employed.     This  consisted 
of  a  layer  of  concrete,  18  inches  thick,  but  the  layer  was  not 
strengthened  by  any  steel  members.     The  concrete  was  applied  as 
a  protective  layer  over  a  wet,  sandy  soil,  and  individual  footings 
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were  placed  upon  this  as  though  upon  the  natural  earth.     The  unit 
pressure  was  6,000  pounds  Der  square  foot,  and  no  appreciahlo  set- 
tlement has  been  noticed  due  to  this  load. 

The  foundations  for  the  Singer  Building,  New  York,  are  of 
the  continous  grillage  type.     The  "building  is  located  on  the 
northwest  corner  of  Broadway  and  Liberty  Streets.     It  is  about 
uO  feet  by  111  feet,  and  is  12  stories  in  height.      A  sectional 
plan  of  the  foundation  is  shown  in  Plate  V.      The  party  walls 
themselves  imposed  so  heavy  a  pressure  upon  their  foundation 
courses  that  they  could  not  safely  be  carried  by  the  area  of  the 
soil  directly  underneath.      Therefore,  the  weights  of  these  walls 
and  some  of  the  adjacent  columns  were  distributed  over  the  gril- 
lage by  means  of  an  unusual  arrangeTient  of  cross -gii-ders.  The 
distributing  beams  were    heavy  sections  of  the  deer^est  steel  gir- 
ders rolled,  while  the  grillages  themselves  were  composed  uniform- 
ly of  12-inch  steel  I-beams,  and  both  grillages  and  girders  were 
set  in  solid  masses  of  concrete,  which  extended  six  inches  beyond 
the  metal  in  every  direction.      The  concrete  was  comr^osed  of 
Portland  cement,  sand j and  2-inch  stones  in  the  proportions  of 
1,  3, and  5»     It  was  well  rammed  into  Dlace,  and  extended  between 
the  grillages  to  form  a  continous  '"loor  six  inches  over  the  en- 
tire area,  with  a  solid  filling  of  concrete  carried  down  around 
every  column  to  join  the  foundation  beds,  as  is  also  shown  in 
Plate 

The  foundations  for  the  Gill  Building,  New  York,  are  similar 
to  those  of  the  Singer  Building.     It  is  a  fifteen-story,  steel 
building  with  a  frontage  of  about  56  feet  and  a  depth  of  86 
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feet.      The  whole  site  was  excavated  18  foet  bolow  the  nurb,  about 
to  the  ground-wator  lino,   and  at  this  level ^concrete  footings  2 
feet  thiol?  were  laid  for  the  steel-beam  grillage  foundations, 
\Thich  covor  about  two-thirds  of  the  area  of  the  site, and  are  cal- 
culated for  a  pressure  of  4-  tons  per  snuare  foot  on  the  dense, 
fine  sand.      The  distribution  of  pressure  was  affected  by  an  ar- 
rangement of  grillage -beams  and  distribution-girders,  in  which 
the  latter  received  the  column  loads  and  the  former  acted  as  can- 
tilevers.     The  grillage -beams  are  from  IS  to  27  inches  deep  and 
from  e  to  13  inches  apart  on  centers.    They  are  entirely  filled 
in  with  concrete. 

The  settlements  of  any  of  these  grillage  foundations  have 
been  small  and  unifomijand  they  have  given  satisfaction. 


2b. 


CAISSON  FOUNDATIONS. 

Foundations  to  "bed-rock  have  always  been  recognized  as  par- 
ticularly desirable  for  all  types  of  heavy  building  construction, 
but  open  excavations,  such  as  were  secured  before  the  introduction 
of  modern  methods,  become  impracticable  under  the  present  condi- 
tions in  large  cities,  owing  to  the  safety  whicn  must  b©  accorded 
adjacent  structures.     The  greatly  increased  height  and  consequent 
weight  of  modem  buildings  have  required  a  corresponding  exten- 
sion or  developement  of  the  foundation  methods.      When  bed-rock 
is  to  be  found  at  a  small  deptn,  there  can  be^ little  question  as 
to  the  desirability  of  securing  rock  foundations  for  any  struc- 
ture of  importance,  provided  the  cost  of  such  a  foundation  is 
not  excessively  large.     Th^  added  security  warrants  a  reasonable 
increase  in  cost,  and  this  greater  outlay  becomes  a  smaller  per 
centage  of  the  entire  wo*k,as  the  total  cost  and  importanc'=»  of 
the  structure  is  increased. 

If  the  rock  bottom  is  at  a  great  depth,  and  the  soil  presents 
uniform  conditions  suitable *f or  grillage  design,  there  can  be  no 
good  reason  for  incurring  the  increased  extsenso  of  caissons, nor,  i 
the  driving  of  piles  seems  expedient,  should  caissons  be  preferred 
at  a  greatly  added  cost.      If  bed-rock  is  fairly  accessible,  or 
if  at  a  considerable  depth  and  overlaid^ith  quicV-sand  or  soil 
containing  water-bearing  strata,  recourse  must  be  hp,d  to  some 
form  of  deep  foundation  design.     This  is  now  accomplished  by 
means  of  caissons,  of  which  two  types  have  been  extensively  used  - 
hydraulic  caissons  or  open  cylinders,  and  pneumatic  caissons. 
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Open  cylinders  to  bed-rock  are  only  applicable  where  sand  or 

earthy  soils  free  from  boulders  or  other  obstructions  ar-^^  to  be 

penetrated,  and  wbere  the  extensive  pumping  and  jetting  o^  water 

made  necessary  by  this  process  will  not  cause  under^.ining  tcnden- 
the 

cies  in^soft  or  unstable  soil  under  adjoining  buildings.  This 
method  consists  of  sinking  steel  or  wood  cylinders,  cither  circu- 
lar or  rectangular  in  cross-section, from  the    surface  to  the  rock 
bottom.        The  cylinders  are  usually  made  of  three-eighth-inch 
steel  plates,  in  sections  about  3  feet  long  and  from  e  to  10  feet 
in  diameter,  according  to  the  bearing  area  required.    Wooden  cy- 
linders are  also  employed,  as  in  the  new  F^tock  Exchange  Building 
in  New  York.     The  bottom  edge  of  the  cylinder  is  fitted  with  a 
cast-iron  or  steel  cutting  edge,  which  is  usually  provided  witn 
nozzle  attachments,  so  that  water  jets  at  about  100  pounds  pressure 
may  be  delivered  through  orifices  in  the  cutting  edge*     The  first 
section  is  started  in  a  pit  dug  to  the  water  line,  and  then  by 
loading  the  tops  of  tne  cylinder,  and  by  starting  the  water  pres- 
sure through  the  cutting  edge,  the  earth  is  scoured  out  below  the 
shell  and  so  softened  that  the  applied  load  gradually  sinks  the 
cylinder  through  the  soft  material  to  a  rock  bearing,  but  still 
leaves  a  vertical  core  of  earth  within.      Tho  cylinder  is  then 
excavated,  and  either  filled  with  concrete    or  a  bed  of  concrete, 
4  to  6  feet  in  thickness  is  placed  at  the  bottom,  upon  which 
brick  or  concrete  pi^rs  are  started. 

Pneumatic  caissons  are  used  for  the  securing  of  deep  foun- 
dations in  water-bearing  strata,  quick-sand,  or  unstable  soils. 
The  steel  caissons  are  preferred  to  the  wooden    ones,  because  * 
the  thinner  sides  give  greater  space  in  the  working  chamber,  and 
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also  because  the  caisson  can  be  brought  to  the  building  ready  for 
sinking.     Since  tho  caissons  are  coranaratively  small  and  have  ver- 
tical sides  and  are  sunk  all  the  way  through  earth;  tho  weight  of 
tho  masonry  on  the  caisson  is  insufficient  to  overcome  the  friction 
and  the  upward  pressure  of  the  com-nressed  air,  and  hence  extra 
weight  is  usually  recjuired  to  sink  the  caissons.     To  prevent  the 
soil  from  esca-ning  from  under  the  shallow  foundations  of  adjacent 
buildings,  it  is  necessary  to  ma^  e  the  excavation  without  reducing 
the  air  pressure.     The  sinking  must  be  continous,  otherwise  the 
soil  will  settle  around  the  caisson  and  make  it  impossible  to 
start  again  without  releasing  the  air  nressure.     Pneumetie  caissons 
have  been  and  are  now  employed  in  many  of  the  most  important  high 
buildings,  especially,  in  New  York  CJity.      The  prov-ess  has  been 
found  most  reliable  under  the  severest  conditions*     The  advantages 
secured  by  this  process  are;     first,  excavations  may  b*^  carried 
on  under  a  sufficient  air  pressure  to  insure  the  resistance  of 
any  inflo\ring  and  unstable  material;    second;  obstructions  encoun- 
tered in  sinking  the  caissons,  such  as  logs  or  boulders,  may  be 
removed;  third,  the  rock  bottom  may  be  examined  and,  if  necessary, 
levelled  off  or  stepped  to  secure  a  fir-n  bearing;  fourth,  the 
piers  can  be  built  while  the  caissons  are  being  sunk,  so  that 
the  piers  are  completed  as  soon  ss  the  bed-rock  is  reached. 

Regarding  the  proiDortional  cost  of  this  type  of  foundations, 
Mr,  Charles  Sooysmith  states  as  follows;      '*The  pneumatic  process 
is  the  one  safe  and  sure  method  for  deep  excavations .by  which 
all  dangers  from  quick -sand  or  from  other  difficulties  can,  witn 
certainty,  be  quickly  overcome  and  a  perfect  foundation  con- 
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structed;   and  this,   too,  at     a  cost  -  whore  the  conditions  are 
determined  -  which  can  generally  be  estimated  with  comparative 
certainty.     It  is  probable  that  a  sum  not  exceeding  !3  or  ^  percent 
of  the  costof  the  entire  building,  added  to  what  the  cheapest 
possible  shallow  foundation  would  cost  for  one  of  the  very  high 
buildings,  would  cover  the  extra  cost  of  carrying  its  foundations 
to  bed-rock,  when  this  is  within  70  to  80  feet  of  the  surface. 
In  many  cases  this  extra  cost  would  be  more  than  balanced  by  the 
value  of  the  additional  story  or  stories    which  could  be  provided 
beneath  the  surface. 

The  use  of  steel  cylinders  was  required  for  the  wells  under 
the  Chicago  Edison  Company's  building  to  carry  the  shafts  through 
the  cuick-sand.     The  dimensions  of  the  site  are  about  75  by  90 
feet  and  quick-sand  covered  the  entire  area,  being  ten  to  twelve 
feet  thick  with  its  surface  100  feet  below  street  grade.    No  clay 
nor  hard-pan  was  encountered  below  the  auick-sand,  but  there  was 
a  layer  of  boulders  varying  from  the  size  of  cobble-stones  to 
stones  four  to  five  feet  in  diameter,  overlying  the  rock.  Twenty 
four  wells  in  all  were  sunk,  eighteen  being  six  feet  six  inches, 
and  six, eight  feet  six  inches  in  diameter.      The  ordinary  method 
of  sinking  the  wells  by  open  caisson  work  was  used  until  auick- 
sand  was  reached.     A  steel  cylinder  was  then  put  down,  this  cylin- 
der being  made  in  three  sections  with  vertical  joints  fitted  with 
angle  flanges  for  the  connecting  bolts.      The  excavation  was  at 
once  started,  and  as  the  sand  was  removed  the  cylinders  settled 
by  their  own  weight  until  they  rested  on  the  boulriers  overlying 
the  rook.     The  boulders  were  then  broken  up.     It  was  found  hard 
to  advance  the  cylinders  after  they  had  remained  stationary  for 
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several  days,  and  it  was  necessary  to  use  jacks  to  force  them 

dov7r\  so  that  the  bed-rock  could  be  cleaned  and  the  concrete  filling 

put  in. 

The  advantage  in  the  use  of  the  system  of  wells  is  that  after 
theii  construction  a  sub-basement  can  be  excavated  without  affect- 
ing the  foundations  already  in  place.     This  was  done  under  the 
store  of  Carson,  Pirie,  Scott  and  Company,     While  this  does  not 
affect  the  foundation  of  the  building  itself,  it  may  affect  ad- 
jacent buildings  unless  g-^eat  care  is  taken  to  hold  back  the  clay. 
This  trouble  was  encountered  at  the  Tribune  Building,  Chicago, 
where  the  central  part  of  the  site  was  excavated  first,  resulting 
in  a  movement  of  clay, which  caused  considerable^  trouble  befoie  it 
could  be  controlled.     In  Preparing  for  the  Republic  Building, 
Chicago,  a  trench  was  excavated  around  the  site  and  a  curb-wall 
of  concrete,  reinforced  with  heavy  steel  I-beams,  strong  enough 
to  resist  the  outside  pressure,  tvas  used. 

Examples  of  buildings  with  deep  foundations  in  Chicago  are; 
Tribune  Building,  which  is  seventeen  stories  high;     First  National 
Bank  Building,  Merchant  Loan  and  Trust,  Railway  Exchange,  Marshall 
Field's  Store,  Mandel  Building,  Union  League  Club  Annex,  uounty 
Building,  McCormick  Building,  etc.     The  McNeill  Building  has 
caissons  under  the  party  walls  and  pile  foundations  for  the  inte- 
rior piers.      In  tne  Metropolitan  Building,  ^^^ew  York,  both  spread 
foundations  and  pneumatic  foundations  to  bed-rock  are  used.     A  plan, 
similar  to  that  used  in  the  McNeill  Building,  was  adonted  for  the 
Hibbard,  Spencer  end  Bartlett  Building^and  the  LaSalle  Street 
Railway  Station.    Under    the  First  National  Bank  are  caissons  six 
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to  ten  feet  in  diameter,  carried  to  bed-rock,  w^ich  is  found  at  a 
doptn  of  lOS  feet  below  street  grade.     At  f-e  Marshall  Field  Store, 
Chicago,  and  the  Rail^vay  Exchange,   the  piers  extend  to  a  depth  of 
about  90  feet,  where  they  rest  on  hard-pan,  which  overlies  the 
rock.     In  these  cases  the  piers  were  enlarged  at  the  bottom  to 
reduce  the  pressure  to  five  tons  oer  square  foot  of  surface  covered. 
At  the  Tribune  Building,  the  wells  struck  hard  material  at  various 
depths.     At  the  County  Building,  120  wells  were  sunk,  varying  in 
diameter  from  eight  to  ten  feet. 

It  is  worth  noticing  that  in  numerous  cases  the  caisson  foun- 
dations for  new  buildings  have  been  put  down  under  old  buildings, 
without  interferring  with  the  use  of  the  latter,  exceot  that  the 
basement  is  excavated  for  the  use  of  the  contractor. In  this  way, 
the  period,  during  which  the  site  is  unproductive  of  rent,  is  re- 
duced to  a  minimum.      When  the  caissons  are  completed  it  is  a 
comparatively  quick  and  easy  matter  to  pull  down  the  old  structure 
and  erect  a  new  one.     A  specific  instance    of  this  is  the  case  of 
the  construction  of  one  of  the  Marshall  Field  Stores  at  State  and 
Washington  Streets,  Chicago.     Wells  were  excavated  under  the  old 
building  whicn  was  still  open  for  business,  as  the  caisson  work 
for  the  new  building  was  going  on. 

Chicago  and  Northwestern  Station,  Chicago. 

The  main  station  of  the  new  passenger  terminal  of  the  Chicago 
and  Northwestern  Railway  at  Chicago  will  be  a  monumental  structure, 
approximately  320  feet  by  280  feet  in  plan  and  180  feet  high. 
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The  main  building,  four  stories  high,   faces  on  Madison  Street, 
with  its  longer  side  on  Canal  Street. 

The  soil  conditions  aro  such  as  to  render  the  provision  for 
stable  foundations  in  the  main  building  one  of  the  most  important 
features  of  the  project.     Pollo'ving  the  Chicago  fire,  the  grade 
of  the  area  in  which  the  station  is  located  was  raised  10  feet 
above  the  original  surface  by  filling  with  refuse  material  of  va- 
rious kinds.        Under  this  filling  is  a  deep  bed  of  h'^avy  blue 
olay,  which  reaches  down  to  hard-pan  at    a  depth  of  70  to  75  ^eet. 
The  hard-pan  varies  from  10  to  20  feet  in  depth,  and  between  it 
and  the  rock  is  a  water-bearing  stratum  of  sand,  gravel,  and 
boulders,  varying  in  character  and  thickness  at  different  depths. 
The  four-story  portion  of*  the  station  will  stand  on  176  circular 
concrete  footings  which  range  from  4  1/2    to  8  feet  in  diameter, 
and  are  placed  on  bed-rock,  which  is  found  at  a  deioth  of  106  to 
116  feet  below  the  street  grade,  except  for  a  few  of  the  smaller 
ones  which  have  a  broad  base  resting  on  the  hard-pan.     These  foot- 
ings are  in  regular  transverse  and  longitudinal  rows,  spaced  16 
to  18  feet  apart  on  centers  across  the  site,  and  generally  ^2 
feet  lengthwise  of  the  building. 

The  excavation  of  the  old  foundations  required  the  removal 
of  about  15,000  cubic  yards  of  material.      The  spoil  was  loaded 
into  wagons,  which  were  fitted  with    detachable  beds  and  these 
were  taken  to  a  disposal  station  on  the  river  where  they  were  dis- 
charged into  a  scow.     The  material  was  then  towed  out  into  Lake 
Michigan  and  dumped. 

The  usual  procedure  in  Chicago  is  to  build  deep  foundations 
of  open  caissons,    tn  most  cases,  the    volume  of  water  encountered 


_____  __ — _= 

is  so  small  that  it  can  bo  hoisted  in  buckets.     A  group  of  six 
of  the  caissons  for  the  footings  along  one  side  --ere  put  down  in 
this  manner.      The  constructidn  of  these  showed  that  the  pneumatic 
process  would  be  necessary  for  t^.e  watcr-braring  stratum. 

The  caissons  are  excavated  simlltaneously  in  groups  of  6  to 
10.     These  are  placed  so  that  the  spoil  can  be  hoisted  out  o"^  them 
in  the    most  economical  manner.     A  tripod  is  set  up  over  each  cais- 
son, with  a  sheave  swung  from  it  at  thr^  top,  in  order  that  a  hoist- 
ing rope  may  extend  from  this  sheave  6o\m  into  the  caisson.     At  the 
side  of  the  tripod  is  attached  a  shaft  on  which  are  mounted  a  wind- 
ing spool  and  a  drive  wheel*      The  drive  wheels  of  the  various  tri- 
pods, over  a  group  of  caissons,  are  placed  in  line  so  that  a  con- 
tinous  wire  cable  rope    around  each  of  them  can  be  driven  by  a 
single  hoisting  engine.     The  excavation  is  made  by  hand,  and  the 
spoil  loaded  into  cylindrical  steel  buckets  of  from  ?>  to  4  cubic 
feet  capacity.     One  to  three  men  work  in    each  caisson, the  number  de- 
pending upon  the  cross-section  of  the  caisson, and  these  men  handle 
the  spoil  with  spades  and  forks* 

Through  the  clay,  each  caisson  is  li>ied  with  a  tongue-and- 
groove  lagging  in  4-foot  lengths,  beveled  on  both  sides  to  form 
a  true  circle.      The  thickness  of  the  lagging  is  from  2  to  3  inches, 
depending  on  the  character  and  consistency  of  the  clay.     Two  3/4- 
inch  by  3-inch  iron  hoops  are  used  to  brace  each  section  of  the 
lagging,  one  hoop  being  placed  about  one  foot  from  the  top  and  the 
other  at  an  equal  distance  from  the  bottom.      These  hoops  are  made 
in  two  halves,    vith  inside  flanges,  so  that  they  can  be  lowered 
into  the  hole  and  then  bolted  together  as  they  are  placed  in  po- 
sition.    The  excavation  is  completed  to  the  de^th  of  each  4-foot 
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section  of  the  lagging  before  the  latter  is  set,  as  the  clay  in 
most  cases  is  stiff  enough  to  permit  this  method  to  be  readily 
followed. 

Provisions  arc  made  in  each  caisson  to  start  woik   under  pneu- 
matic pressure  before  the  excavation  has  reached  thp  bottom  of 
the  hard-pan.     After  the  caisson  is  comDleted  to  this  der^th,  a 
collapsible  steel  lock,  4  1,  2  feet  in  diameter  and  5  1/2  feet  long^ 
is  placed  from  5  to  6  feet  from  the  bottom  of  the  caisson.  Con- 
crete is  then  poured  in  around  the  lock  to  form  a  seal  which  will 
prevent  the  leakage  of  air  when  pressure  is  applied.     This  lock 
is  fitted  with  doors  of  the  Moran    type  to  facilitate  the  handling 
of  spoil  and  concrete  through  it.    When  the  lock  is  in  position, 
a  shield  is  placed    directly  under  it,  and  the  excavation  continued 
in  the  open  until  the  water-bearing  stratum  is  reached.     The  lock 
is  then  closed  and  the  air  pressure  turned  on.     The  pressure  is 
sufficient  to  hold  back  the  water  in  the  stratum  over  the  rock ^ 
while  the  balance  of  the  excavation  is  made  and  the  concrete 
placed,     -^he  shield  used  below  the  lock  is  4  feet  high^with  a  dia- 
meter slightly  larger  than  the  bottom  of  the  footing.      It  is  built 
of  steel  plates  in  four  equal  sections,  each  equal  in  width  to  its 
height. 

Below  the  lock,  the  excavation  is  lined  witn  2-inch,  tongue- 
and-groove  wooden  lagging  in  3-foot  lengths.     The  lagging  is  assem- 
bled in  sections  and  passed  through  the  air  lock^where  it  is  as- 
sembled in  sets  of  four. 

Pour  10-ton  screw  jacks,  equally  spaced  around  the  circumfer- 
ence of  the  shield,  are  used  in  advancing  the  latter  as  the  ex- 
cavation progresses.     At  the  top,  these  jacks  react  against  the 
angle  at  the  bottom  of  t •  e  last  section        the  wooden  lagging. 
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and  at  the  bottom ^are  carried      on  the  angle  of  the  shield.  The 

height  o<"  th'^  shield  is  such  that  when  an  advance  of  !5  feet  i» 

made,  another  section  of  thp  wooden  lagging  can  be  placed  and  th'^ 

bottom  of  the  preceding  section  of  lagging  still  overlap  sbout  e 

inches  on  the  inside  of  the  top  of  the  s'-ield.     When  the  shield  is 

finally  seated    on  the  rock  at  the  bo-ftom  of  the  caisson,  the 
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bolts  in  tho  angle  near  the  cutting  edge  are  removed  so^^this  angle 
can  be  recovered.     The  concrete  is  then  deposited  in  tne  bottom 
and  carried  up  to  the  lock  as  rapidly  as  possible.     As  each  o^  the 
circular  angle-braces  on  the  wooden  lagging  is  reached,  the  bolts 
in  the  angle  are  removed  and  the  latter  recovered.      The  lagging  is 
thus  left  in  place  and  is  at  all  times  safely  braced,  ei+her  by 
angles    or  by  the  concrete  which  has  been  deported. 

When  work  is  being  conducted  under  pneumatic  pressure  in  the 
space  below  the  air  lock,  the  concrete  is  dumped  from  the  surface 
to  the  top  of  the  lock  through  a  sectional  sheet-steel  chute.  The 
same  buckets  used  in  removing  the  soil  from  the  excavation  are 
placed  on  the  lock  to  relieve  t^e  weight  o'^  concrete  as  it  is  de- 
livered from  the  chute.     These  buckets  are  then  lowered  through 
the  lock,  and  the  concrete  dumped  in  place.      After  the  concrete 
has  been  brought  up  to  the  bottom  of  the  lock,  the  latter  is  taken 
down.      Each  lock  thus  dismantled  can  be  tak«^n  out  and  used  repeat- 
edly in  different  caissons,  one  size  being  applicable  to  all. 

Following  the  removal  of  the  lock,  th<^  remainder  of  the  con- 
crete is  dumped  directly  from  the  surface  into  the  open  caissons. 
The  amount  of  fall  thus  secured  has  been  found  to  produce  satis- 
factory results  without  requiring  any  tamping.     When  the  footing 
is  within  about  16  feet  of  the  surface  a  man  is  lowered  into  the 


hole  after  every  other  batch  of  concrete  has  been  deposited.  The 
concrete  is  made  in  the  proportion  of  1  part  of  Portland  cement, 
'6  parts  of  sand  or  stone  screening,  and  o  parts  of  broken  stone, 
the  latter  to  pass  a  l-i/2-inGh  ring. 

Manhattan  Life  Insurance  Building,  New  York  City. 

Pneumatic  caissons  were  first  employed  in  building  construc- 
tion in  the  Manhattan  Life  Insurance  Building,  New  York  City.  The 
building  proper  is  seventeen  stories  high,  with  a  tower  on  top 
terminating  in  a  dome*     *he  main  roof  is  at  an  elevation  of*  242 
feet  from  the  sidewalk;     from  the  sidewalk  to  the  base  of  the  flag- 
staff is  347  feet;  and  from  the  base  of  the  foundations  to  the  top 
of  the  dome  is  408  feet. 

The  size  of  the  lot  is approximately,  120  feet  deep  by  67 
feet  frontage,  and  contains  about  8,000  square  feet  which,  with 
the  estimated  total  weight  pf  the  building  (about  30,000  tons); 
gives  a  load  of  7,o00  pounds  per  square  foot  of  Idt  area. 

The  natural  soil  at  the  site  consists  of  mud  and  quick-sand 
to  a  depth  of  some  t>4  feet,  down  to  bed-rock.     Had    piles  been 
used  on  the  entire  area,  as  close  together  aa  the  New  York  Build- 
ing Law  allows,   (30  inches,  center  to  center),  some  l,32o  piles 
could  have  been  driven,  with  an  average  load  of  4o,300  pounds 
each.     This  was  not  allowable,  as  the  building  law  limited  the 
load  per  pile  to  40,000  pounds,  when  driven  2  feet  6  inches,  cen- 
ter to  center.     A  new  departure  in  foundations  was    therefore,  nec- 
essary, especially    as  the  surrounding  buildings  were  built  on 
the  natural  earth,  making  tnem  particularly  liable  to  injury  in 
case  of  any  increase  in  pressure  due  to  deep  excavations  or 
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trendies  for  piles  or  concrete  piers  below  the  ad.lacent  footings. 

Pneumatic  caissons  were  thus  adopted,  and  this  was  the  first 
e.^amnle  of  the  pneumatic  system  as  applied  to  buildings.  Fifteen 
oaissons,  varying  in  size  from  9  feet  9  inches  in  diameter  to  2F> 
feet  square,  suDported  the  thirty-four  cast-iron  columns*  These 
caissons  were  sunk  to  an  average  depth  of  about  31  feet  o  inches 
below  the  bottom  of  the  excavation.     After  the  caissons  were  sunk 
to  bed-rock,  the  rocK  surface  was  dressed  and  stepped  as  renuired, 
and  the  chambers  and  shafts  were  then  rammed  with  concrete,  which 
was  composed  of  1  part  Alsen  cement,  2  parts  sand,  and  <*•  parts 
of  broken  stone.     The  superimposed  piers  were  built  of  hard- 
burned  brick  J  laid  in  cement  mortar.     About  eight  days  were  re- 
quired to  sink  each  caisson.     A  very  elaborate  system  of  canti- 
lever girders  was  used  to  transfer  the  loads  on  the  columns  in  the 
side  walls  to  proper  concentric  bearings  over  the  caisson  piers. 
Prom  these  bearings,  the  load  was  distributed  over  the  "Thole 
masonry  work  by  means  of  large  steel  bolsters,  thus  diminishing 
and  eaualizing  the  unit  pressure.     A  cross-section  of  the  caissons 
and  cantilever  girders  is  shown  in  Plate  VI. 

City  Hall,  Chicago. 
The  City  Hall  of  Chicago  is  to  be  a  12-story  structure,  lo7 
feet  by  3v4  feet  in  plan.     It  will  occupy  the  remaining  half  of  an 
entire  block  on  which  the  recently  completed  office  building  of 
Cook  County  stands.     On  account  of  the  character  of  the  soil  at 
the  site,  it  was  necessary  to  provide  circular  concrete  footings, 
seated  on  bed-rocK  at  96  feet  to  120  feet  below  the  street  grade 
for  both  structures.      The  new  City  Hall  will  stand  on  124  of  these 
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footings,  varying  frcTi  4  to  10  feet  in  diameter. 

Work  is  in  orogress  on  as  many  as  thirty  caissons  at  one 
time.      A  timber  tripod  carrying  a  sheave  wheel  at  the  top  was  set 
up  over  each  well  with  its  feet  on  a  platform  10  feet  above  the 
bottom  of  the  general  excavation.     On  one  side  of  each  of  these 
tripods  was  a  drive  wheel  on  a  shaft,  which  also  carried  a  wind- 
ing spool.        These  tripods  were  in  legular  rows  across  and  length- 
wise of  the  site,  with  the  drive  wheels  o^  those  in  each  row  in 
line.     A  single  endless  cable^wound  on  a  hoisting  engine  at  the 
side  of  the  excavation^ could  thus  readily  drive  seven  to  ten  of 
the  winding  spools,  a  maAimum  of  fifteen  of  the  caissons  having 
been  thus  served  at  one  time. 

The  character  of  the  soil  was  such  that  the  footings  could 
all  be  built  in  sheeted,  open  caissons.     The  sheeting  of  these 
caissons  consisted  of  3-incn,  tongue-and-groove,  maple  lagging 
in  4-foot  lengths,  beveled  to  form  a  circle.     The  excavation  was 
carried  down  unlined  to  a  depth  which  would  permit  the  first  sec- 
tion of  lagging  to  be  placed.     After  tuis  section  was  assembled 
in  the  excavation,   the  latter  was  continued  another  4  feet,  and 
so  on  until  rocK  was  reached  at  the  bottom.      The  clay  was  removed 
by  hand,  one  to  four  men  working  in  a  caisson  at  a  ti^e,  the  num- 
ber depending  upon  the  size  of  the  opening.     The  spoil  v^as  hoisted 
to  the  surface  in  cylindrical  steel  buckets,  holding  3  to  ^  cubic 
feet. 

American  Surety  Building,  New  York  City* 

This  structure  is  about  w5  feet  square,  and  twenty-one 
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stories  high,  or  290  feet  from  sidewalk     curb  to  roof.     The  es- 
timated maximum  weight  of  the  building  was  about  26,000  tons,  and 
this  was  transmitted  to  bed-rock  about  72  feet  below  the  sidewalk 
grade  by  means  of  brick  piers  and  pneumatic  caissons*  Thirteen 
steel  '^aissons  were  employed,  with  a  total  distributing  area  of 
3,575  square  feet,  tho  pressure  per  square  foot  being  about 
14,500  pounds.     All  of  the  caissons  were  rectangular,  the  largest 
being  11  feet  by  42  feet  in  cross-section,  and  9  feet  high,  sup- 
porting four  columns,     ihc  brick  piers  ate  about  30  feet  high, 
with  steel  grillage-beams  on  the  tops  for  the  support  of  the 
column  bases. 

On  two  sides  of  the  building,  the  wall  columns  are  located 
very  near  the  building  line,  and  as  the  caissons  underneath  these 
columns  could  not  be  extended  upon  the  adjacent  property,  it  be- 
came necessary  to  devise  means  for  overcoming  the  heavy  eccentric 
loading  which  would  have  resulted  in  applying  the  column  loads 
directly  to  the  caissons  along  the  lines  of  the  column  axes.  This 
was  accomplished  by  connecting  inner  and  outer  piers  by  means  of 
heavy  box-giiders,  wnich  rested  on  grillage -beams  over  the  centers 
of  the  piers.  The  girders  projected  at  each  end  beyond  the 

grillage  support,  the  outer  or  wall  ends  forming  cantilevers  to 
to  caSry  the  wall  columns.      The  anchorage  of  the  interior  over- 
hanging ends  of  the  caissons  to  the  brick  piers ^together  witn  the 
weignt  of  the  interior  columns  which  were  applied  centrally, 
served  to  counterbalance  the  wall  loads*     The  walls  were  carried 
on  plate  girders,  which  were  placed  between  the  cantilever  ends. 
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Oillender  Building,  New  York  City. 

This  building  is  310  feet  high  from  the  ton        the  grillage - 
■beams  to  the  top  of  the  dome.     its  narrow  width  permitted  all  of 
the  columns  to  be  located  within  the  exterior  walls,  ar«d  six  col- 
umns were  placed  on  each  side.      The  foundation  material  consisted 
of  fine,  loose,  wet  sand,  and  it  was  found  that  it  would  be  im- 
practicable to  suDnort  the  structure  on  any  form  of  grillage  or 
spread  foundations,  even  though  the  entire  area  (l,Bo2  square  feet) 
was    covered;     as  the  T:>ressure  developed  by  the  wind  loads  and 
by  the  weight  of  the  building  would  exceed  tne  permissible  bearing 
stress.     Pneumatic  caissons,  covering  about  three-fifths  of  the 
area  of  the  site  were  therefore  adopted.     Each  caisson  supports 
four  columns,  or  two  on  each  side  of  the  building,  with  a  maximum 
pressure  of  12  tons  per  snnare  foot. 

The  general  details  of  the  caissons  are  shown  in  Piste  VII 

and  a  large  section  through 

a  side  wall  and  cutting  edge 
the 

is    shown  in^diagram  opposite. 

Pneumatic  coffer-daims  were 
extended  above  the  tops  of  the 
caissons,  thus  forming  vertical 
continuations  of  the  caisson 
sides  for  the  enclosure  of  the 
brick  piers,  which  were  started 
upon  the  deck  of  the  caisson 
chambers.     These  brick  piers 
were  about  18  feet  high.  The 
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total  depth  from  the  cellar  floor-line  to  the  bottom  of  the  cut- 
ting edges  was  about  42  feet.     The  caissons,  as  shown  in  ^lat© 
VII,  were  built  of  yellow  pine,  with  a  steel  cutting-edge*  The 
timber  used  was  planed  on  all  sides,  and  the  outside  planking  was 
placed  vertically  to  reduce  the  friction.     The  actual  time  required 
for  sinking  was  seven  days  foi-  tho  crnter  caisson,  which  vas  15 
feet  by  24  feet;  and  four  days  each  for  the  end  caissons,  which 
were  12  feet  by  24  feet. 

Over  the  brick  piers,  which  were  laid  in  Portland  cement  mor- 
tar, a  12-inch  layer  of  concrete  was  placed  to  receive  the  grillage 
beams  and  cantilever  girders.     These  were  first  painted,  then 
coated  with  coal-tar,  and  then  surrounded  by  a  solid  mass  of  con- 
■^rete,  the  minimum  thickness  of  which  was  12  inches*     The  interior 
spaces  of  the  box-girders  were  filled  with  Portland  cement  grout 
to  prevent  corrosion. 


44 


CONCLUSIONS. 

The  development         foundation  design  for  tall  buildings  has 
been  shovm  to  have  been  very  rapid*     There  are  at  present  three 
types  of  foundations  used  for  modern  tall  buildings* 

The  cheanest  type,  although  not  always  feasible,  because 
of  tho  great  loads  placed  upon  the  bearing  soil,  is  the  pile  fou'"- 
dation*     The  pile  foundation  here  referred  to  is  that  in  which  the 
piles  are  driven  to  hard-pan  or  bed-roc,  as  in  the  foundations 
of  the  Chicago  Post  Office*     The  nrincipal  objection  to  driving 
piles  in  crowded  business  districts  is  that  they  force  the  clay 
against  the  foundations  of  the  adjacent  buildings  and  thus  disturb 
their  equilibrium. 

The  second  method  consists  of  a  continous  grillage,  as  that 
used  for  the  12-story  addition  to  the  Singer  Building,  New  York. 
This  method  is  not  as  cheap  as  the  use  of  pile  foundations.  Gril- 
lage foundations  cannot  be  used  for  buildings  of  excessive  weight, 
as  the  required  area  is  sometimes  larger  than  the  area  of  the  site. 

The  third  type  is  that  of  caisson  foundations  -  either  open 
caissons  ox-  pneumatic  caissons.     The  open  caisson  is  used  in  Chi- 
cago more  often  than  in  i^ew  Yorn, because  of  the  character  of  the 
sub-soil.     The  caisson  method  is  the  only  practicable  method  which 
can  be  used  for  buildings  of  excessive  weights.      "^he  skill  and 
labor  reauired  to  sink  wells  in  Chicago,  where  there  is  practically 
no  water-bearing  stratum  above  bed-rock,  is  relatively  small.  The 
precautions  necessary,  ho?/ever,  are  that  the  wells  should  be 
amply  braced  to  prevent  bulging  and  that  there  should  be  no  snace 
between  the  excavation  and  the  lagging* 

All  the  large  buildings  in  New  York  and  CMcago  whicn  have 
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recently  been  constructed,  have  either  the  open  caisson  or  pneumatic 
caisson  foundations.     These  foundations  have  in  all  cases  given 
good  satisfaction,  and  the  caisson  type  should  be  given  nreference 
for  all  important  structures. 
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